The International Classification of Functioning, Disability and Health (ICF) is a universal framework and an international language for describing all aspects of a disability (1-3). It can be used to facilitate assessment and goal planning following a trauma or disease, as well as to improve outcome research by understanding the content of measurement tools. The value of linking various outcome measures to the ICF is increasingly recognized, and rules have been developed that enable researchers to map the contents and items of measures to the ICF (4, 5). The rationale for developing such linkages is to provide a validation and better understanding of measures by describing the concrete human features and functions in the ICF to which these measures relate. Recent studies have linked a variety of measures to the ICF taxonomy (6), for example the Stroke Impact Scale (7), health-related quality of life measures (8), and measures of participation including the Mayo-Portland Adaptability Inventory (MPAI-4) (9). In this latter study, Resnick & Plow (9) reported that the MPAI-4 linked to all 9 ICF Activity and Participation chapters; however, these researchers did not extend the linkage to other ICF components and domains.
The development of the Mayo-Portland Adaptability Inventory, now in its fourth edition (MPAI-4), spans 20 years (10, 11). The MPAI-4 is a 30-item inventory that includes indicators of body functions, activities, and participation that are often affected by acquired brain injury (ABI), both traumatic and non-traumatic. The MPAI-4 was developed and refined using both contemporary (i.e. Rasch analysis) and classic psychometric procedures (12, 13) . These psychometric analyses identified a strong primary factor in MPAI-4 items representing global outcome after ABI. In addition, 3 levels of complexity of functions and activities were also identified, which are represented by the 3 subscales: Ability Index, Adjustment Index and Participation Index.
Through Rasch analysis, items were identified for the inventory as a whole that define a broad range of outcome after ABI, from extremely severe disability associated with no or limited adjustment and participation to normal adjustment and participation associated with resolution of or compensation for the consequences of the ABI. The Rasch analyses yielded an ultimate set of 30 items comprising the MPAI-4. Although these 30 items by no means comprehensively describe all possible consequences and outcomes of ABI, they do satisfactorily represent the range of outcomes for reliable measurement (10). The MPAI-4 is intended to be transcultural. It has been translated into Swedish (14) , Italian (15), danish, Spanish, French, German, Portuguese and Hebrew, and is widely used in Australia and uK in addition to the uSA and Canada.
unlike the ICF, the MPAI-4 is a linear metric; that is, it provides an ordinal numeric rating describing the degree of outcome MAPPING THe MAyo-PoRTlANd AdAPTABIlITy INveNToRy To  THe INTeRNATIoNAl ClASSIFICATIoN oF FuNCTIoNING, dISABIlITy  ANd HeAlTH after ABI, which, using Rasch methods, can be converted into a parametric-equivalent measure (16). The ICF, in contrast, is a taxonomy; that is, a compilation of descriptors of body structures and functions, activities, participation indicators, and the personal and environmental contexts in which these occur. Thus, mapping an existing measure to the ICF provides a validation and better understanding of the measure by describing the concrete human features and functions in the ICF to which the measure relates. The aim of this study was more fully to describe the contents of the MPAI-4 by mapping it to the ICF. We were interested in performing this mapping procedure in order to provide better definition through more concrete examples (as listed in the ICF) of the types of functions, activities, and participation indicators that are represented by the each of the MPAI-4 items. Mapping the MPAI-4 to the ICF would also assist MPAI-4 users throughout the world in understanding the intent of each item. Although the success of the mapping procedure may provide evidence of content and construct validity of the MPAI-4, the process described in this paper was not conducted to evaluate consensual understanding of the MPAI-4. That is, we were not interested in evaluating whether a sample of users of the MPAI-4 tended to agree about the way in which MPAI-4 items linked to the ICF. Rather our intention was to map the MPAI-4 to the ICF in order to prescribe, to the degree that the MPAI-4 and the ICF describe similar domains, how MPAI-4 items should be understood in terms of the ICF. Ultimately, the benefit of such a rigorous process is to facilitate the cross-cultural use of the instrument and support the development and the possibility to report results obtained with the MPAI-4 in the universal language of the ICF.
MeTHodS

Mayo-Portland Adaptability Inventory
The MPAI-4 (10) was primarily designed to assist in the clinical evaluation of people during the post-acute (post-hospital) period following ABI, and to assist in the evaluation of rehabilitation programmes designed to serve these people. The 30 items are scored on a 5-point likert scale and represent the range of physical, cognitive, emotional, behavioural and social problems that people with ABI may encounter. The instrument also provides an assessment of major obstacles to community reintegration as well as features of the social and physical environment. The MPAI-4 has 3 subscales: Ability Index (range 0-47), Adjustment Index (range 0-46) and Participation Index (range 0-30), with an overall score of 0-111, where higher scores indicate greater overall disability. Three items (Initiation, Social contact, leisure/recreational activities) contribute to both the Adjustment Index and the Participation Index, so the total score is less than the sum of the 3 subscales. The last section of the MPAI-4 is for documenting pre-existing and associated conditions linked with the ABI. This section does not contribute to the overall score on the MPAI-4 and serves only to record other factors that may need to be considered in rehabilitation planning. Therefore, this part was not mapped to the ICF. The manual (10) provides the opportunity to compare the results converted to T-scores with 2 reference samples of people treated for ABI. T-scores below 30 are considered as a relatively good outcome, 30-40 as mild disability, and above 60 as severe disability, even compared with other individuals with ABI.
Procedure
The previously established and updated rules were used as a basis for the mapping of the MPAI-4 to the ICF (5). The procedure was carried out by the authors, who have experience of clinical work and research related to ABI, and, in addition, have worked with and used the ICF.
In the first step, each of us independently identified all meaningful concepts within the 30 scoreable items of the MPAI-4 and then selected ICF codes that could apply. If a meaningful concept of an item was explained by examples, both the concept and the examples were mapped (5). We also intended to map the response option of an item if it contained a meaningful concept. However, no item response option contained meaningful concepts that were not already contained in the item description itself. The final step of mapping the meaningful concepts identified to the most precise or best ICF category was accomplished by consensus of the authors. As the primary developer of the MPAI-4 (JFM) was involved throughout the entire process, it allowed us to specify the intent of each item from the perspective of the developer as well as from the verbal explanations of the item and the examples given in the inventory itself and in the manual (11).
Following Geyh et al. (8) , we calculated and reported: (i) the number of meaningful concepts identified; (ii) content density (i.e. the number of meaningful concepts identified divided by the number of items); (iii) the number of meaningful concepts mapped to the ICF; (iv) number of As several ICF categories were mapped to multiple items, the total number of unique ICF categories was 200. b Three items were mapped to three ICF categories and two items were mapped to eight ICF categories, respectively. c Two items were mapped to three ICF categories. d Ten environmental factors were linked to more than one subscale; the total number of unique factors were 34.
unique ICF categories identified; (v) the bandwidth of content coverage (i.e. the number of ICF categories that we were able to identify divided by the total number of ICF categories, i.e. 1454); and (vi) content diversity (i.e. the ratio of ICF categories to meaningful concepts identified). We also reported the number of mapped categories at specific ICF levels and the specific linkages between the MPAI-4 items and ICF categories. Finally, we reported on the 30 scoreable MPAI-4 items relating to the different environmental factors. Taken together, points (i) to (vi) give a quantitative summary of the mapping and enable a more concrete comparison with other instruments that are mapped to the ICF.
ReSulTS
A summary of the mapping of the MPAI-4 to the ICF is shown in Table I . All items in the 3 subscales of the MPAI-4 could be mapped to components and categories in the ICF. A total of 88 meaningful concepts in the instrument were identified. For the 30 scoreable items of the MPAI-4, there were, on average, 2.9 meaningful concepts per item (content density), and 65% of all concepts could be mapped. Bandwidth, i.e. the breadth of the aspects measured, is represented by the absolute and relative number of the 1454 unique categories in the ICF that we were able to link to the items in the MPAI-4 (200; 14%). Content diversity was 2.3, indicating a relatively high amount of diversity, i.e. 2 or more ICF categories per meaningful concept on the average. The items in the MPAI-4 could be mapped to 34 (13%) of the 258 environmental Factors in the ICF.
The results of the mapping are shown in Tables II-Iv. It should be noted that several items could be mapped to the same ICF category, so the sum of all unique ICF categories is less than for the 3 subscales together (cf. Table I ). In the Ability Index, the mapping was equally divided between Body Functions (b) categories and Activity/Participation (d) categories. Items in the Adjustment Index (not including the 3 that also contributed to the Participation Index) mapped primarily to Body Functions, but also to Activity/Participation categories. of the 76 mappings for the Participation Index, all except 1 was to Activity/Participation categories. For all 3 subscales, 19 mappings were at the 3 rd level (3 digits), 1 at the 5 th level and the remaining at the 4 th level. The different MPAI-4 items and how they relate to the environmental Factors in ICF are shown in Table v . Many of the MPAI-4 items could be mapped to the same environmental factor, but there were also several items that mapped to different factors. In summary, 14 of the 34 (41%) environmental factors were identified and used to map an item, whereas the other 20 environmental factors (59%) were linked to only 1 item.
dISCuSSIoN
Since the introduction of the ICF in 2001, there has been a rapid increase in the number of studies using the ICF in a variety of fields (2, 3, 6) . With the development of a systematic set of rules for linking the ICF to existing health status measures, the nature of the measures can be clarified (5) and this will assist researchers and other users in selecting measures that relate to specific outcomes, as described in the ICF. Despite this development and our knowledge of the importance of such a rigorous and somewhat time-consuming process, too few existing measures have been mapped to the ICF. With all the advantages of this process, we can assume that further efforts will be undertaken to perform such work.
The process of mapping the MPAI-4 to the ICF revealed the MPAI-4 to be a relatively diverse and broadly based assessment instrument characterized by 88 meaningful concepts that mapped to 200 unique ICF categories. A large majority (90%) of mappings could also be made at the specific 4 th level of the ICF. As might be expected, the MPAI-4 Ability and Adjustment Indices were mainly mapped to the Body Functions categories. However, items on these subscales also mapped frequently to the Activity/Participation ICF categories. For example, a thorough assessment of even basic abilities, such as language reception and expression, often requires evaluation of more complex communication activities. These mappings to the Activity/Participation domain are consistent with the original design of the MPAI-4 as an evaluation of abilities that are instrumental to activities of daily living, adaptation and community integration.
The success of the mapping procedure and the rich linkages that were identified between most items of the MPAI-4 and the ICF provide evidence of the construct validity of the MPAI-4. However, our intention in conducting this mapping procedure was not to evaluate how well the MPAI-4 could be translated into ICF terms by most users. Rather, our small group of two expert users and one of the developers of the MPAI-4 (instead of a larger group of raters, as suggested in the linking rules (4, 5)) intended to augment the understanding of the MPAI-4 items through examples furnished by the ICF and to enhance the usefulness of the MPAI-4 in this way. Mapping the MPAI-4 to the categories of the ICF provides a more detailed description through examples of the types of functions and activities that are represented by each item.
For the speech and communication items of the MPAI-4, the intent was to cover communication broadly in both basic functions and activities, but not to include an assessment of more complex human activities, such as, conversation and discussion (d350). Mapping the ICF to the MPAI-4 item "Non-verbal communication" allowed a more detailed description of this item describing not only non-verbal means of communication, e.g. gestures, but also the pragmatics of communication, e.g. starting and ending conversations appropriately, and conversing with multiple people. Similarly, the item "use of hands" was intended to cover the use of hands in daily activities; 23, 24, 25, 26, 27, 28B, 29 e570 Social security services, systems and policies 23, 24, 25, 26, 27, 28B, 29 e575 General social support services, systems and policies 1-20, 22, 25, 26 e580 Health services, systems and policies 28B e585 education and training services, systems and policies 28A e590 labour and employment services, systems and policies hence, the mappings were mainly to categories in the Activity/ Participation component. This study also suggested possible limitations of and challenges to the ICF taxonomy when being used in a mapping process. For example, "short-term" and "long-term" memory have different meanings in different contexts. We believe that the MPAI-4 memory item, which rates new learning capacity, was appropriately mapped to the ICF category "short-term memory" and that the MPAI-4 "Fund of Information" item (which refers to remotely acquired knowledge) was appropriately mapped to the ICF category "long-term memory". However, in other contexts, both short-term and long-term memory can refer to different components of the new learning process. The division between functions and activities is at times vague in the cognitive domain. The MPAI-4 "Problemsolving" item mapped to "solving simple problems" and "solving complex problems" in the Activity/Participation component and also mapped to apparently similar cognitive functions, e.g. "problem-solving", "organization" and "time management", in the Body Functions component.
The items "Anxiety", "depression", and "Irritability/Anger/ Aggression" in the MPAI-4 did not map to any specific ICF categories. Instead, these items mapped to more general categories describing appropriateness, regulation, and range of emotions in the ICF. The ICF is focused on positive functions and activities rather than psychopathology. However, identification of more specific human functions and activities that assist in the regulation of specific negative emotions would appear to be a necessary elaboration of the ICF. For instance, specific coping skills to prevent persistence of depression might be identified distinctly from coping skills involved in managing aggressive impulses following an ABI. Similar shortcomings were found for the MPAI-4 items "Sensitivity to Mild Symptoms" and "Impaired Self-awareness". While the MPAI-4 item "Initiation" could be mapped to the ICF category "Motivation", other categories are lacking to more fully describe the cognitive and affective processes involved in beginning and sustaining a behavioural sequence appropriately.
on the other hand, the MPAI-4 "Self-care" and "Residence" items were mapped to substantially more ICF categories. In these cases, the ICF provides a detailed listing of activities that might be targeted for intervention in a rehabilitation plan for those individuals who are rated with limitations and restrictions in these areas on the MPAI-4. In general, mapping of the Participation Index of the MPAI-4 to the ICF (cf. Table  IV) was relatively rich, detailed, and not specific to ABI. With reference to these ICF linkages, the Participation Index may furnish an extensive list of goals for the rehabilitation process for individuals with ABI as well as other disability groups. Assessments with the Participation Index identifies the broad areas for intervention and provides a quantifiable measure of progress, whereas, the ICF linkages identify specific activities for rehabilitation.
Although the MPAI-4 was not intended to assess environmental factors relevant to brain injury medicine and rehabilitation, many items could be mapped to many of the ICF environmental categories. This provides additional information that may be used to enhance the rehabilitation process by identifying intervention targets not only within the person but also within his or her environment.
In conclusion, this study shows that all items in the MPAI-4 could be mapped to the ICF and a standard coding framework. This provides better definition through more concrete examples (as listed in the ICF) of the types of body functions, activities, and participation indicators that are represented by each of the MPAI-4 items. Thereby, ICF descriptors, which are meant to be transcultural, may assist MPAI-4 users throughout the world in understanding the intent of each item. Successful mapping also offers a type of construct validation for the MPAI-4, in that a relationship between the MPAI-4 metric and the widely accepted ICF taxonomy were established. In a broader perspective, such a rigorous process may support further development of the MPAI-4 and the possibility of reporting results obtained with the MPAI-4 in the form of an ICF categorical profile, making it universally interpretable.
